Plastatin and the known fungal metabolite, luteosporin, have been isolated from fermentations of Penicillium chermesinum as inhibitors of porcine pancreatic phospholipase A2 (PLA2). Structure 1 for plastatin was deduced from its spectroscopic properties. Plastatin and luteosporin inhibited pancreatic PLA.2 competitively with Ki values of 0.89 uM and 12.8 ,1M, respectively. PLA2 preparations from Naja naja and Crotalus adainanteus were not significantly inhibited by plastatin and luteosporin. 
the 2-position of 1,2-diacyl-sn-phosphoglycerides.
arachidonic acid cascade which leads to the production of prostaglandins and leukotrienes, compounds of prime importance in the inflammation process. During the course of screening for naturally-occurring PLA2 inhibitors, we isolated plastatin (1) and luteosporin (2, Fig. 1 ) as metabolites of Penicillium chermesinum. Taxonomy of the producing organism, fermentation, isolation, structure determination and biological properties are discussed in this paper.
Taxonomy
Penicillium chermesinum (SC 12,932) was isolated from a soil sample collected in Nova Scotia, Canada. It is a filamentous fungus belonging to the Fungi Imperfecti.
Microscopic examination of a slide culture grown on Czapek agar revealed brush-like conidiophores amidst trailing cottony aerial hyphae. Spores occurred in chains from phialides arranged in verticils borne terminally on unbranched conidiophores. The spores were hyaline, single celled, oval and finely echinulate, averaging 3.0 fim in diameter. The spore bearing phialides had a mean length of 7.3 iim and mean diameter of 2.1 ,um.
The conidiophores varied considerably in length: short ones ranged from 20 ti 28 iim; intermediates, 43-73 rim; and long, l07-112 um. The above characteristics are consistent with a generic designation of a Penicilliuni belonging to the section Monoverticillata, series decumbens according to the classification of RAPER and THOM11) and RAMIREZ2) .
The colony morphology was determined on the diagnostic media employed by RAMIREZ2~ . Ob- 
Fermentation
Seed cultures of P. chermesinum ATCC 20700 were prepared by transferring a loopful of surface growth from an agar slant into 500-ml Erlenmeyer flasks containing 100 ml of the following medium : 0. Several assay methods for phospholipases have been reported3, 4' . For screening purposes a plate assay was developed using a saline egg yolk preparation in agar as the substrate. The saline egg yolk solution consisted of 10 egg yolks mixed with 300 ml sterile 0.85 % NaCl. After centrifugation (2,000 x g for 5 minutes) the supernatant was stored at -90°C in aliquots. To 95 ml of 0.5 % agar were added 4 ml of the saline egg yolk solution, 1 ml of 1.0 M phosphate buffer, pH 7.7, and 240 units of porcine pancreatic phospholipase A2. Fermentation broths from a variety of microorganisms were screened as PLA2 inhibitors after adjustment of the broths to pH 7. Paper discs saturated with clarified broths were placed on the PLA2-egg yolk agar and incubated for 1 -2 hours at 37°C. An inhibitor of phospholipase A2 prevented clearing of the opaque egg yolk around the disc. Kinetic studies were performed using five substrate concentrations, prepared by diluting a freshlyprepared stock substrate with 0.36 M NaCI, 1.9 mM CaC12 and 8.4 mM deoxycholic acid. Two inhibitor concentrations and a control containing no inhibitor were assayed in duplicate at each substrate concentration.
Time dependence for inhibition was studied by preparing 500 ,ul volumes of the enzyme (100 ,ul) and an inhibitor (or enzyme and buffer as control). Aliquots of 120 ,ul were removed from the incubation mixtures at 15 minutes intervals and enzyme activity was monitored as described above. A zero time value was determined by adding 20 ,ul of the enzyme to substrate containing 100 ul of inhibitor (or buffer as a control).
Isolation Plastatin and luteosporin5) were isolated from fermentation broths as outlined in Fig. 2 . The inhibitors were extracted from the acidified broth filtrate with ethyl acetate. The separation of plastatin from luteosporin was accomplished by reverse-phase chromatography on MCI gel CHP20P (Mitsubishi Chemical Industries, Ltd., Japan) eluting with a linear gradient prepared from acetonitrile -water (1: 19) and 0.01 M HCl in acetonitrile -water (7: 3). The fractions were combined on the basis of TLC (silica gel, lower phase of CHC13 -MeOH -H2O, 6 : 3 : 1, visible light and Rydon visualization). Final purification of plastatin was effected by chromatography on cellulose powder eluting with 0.01 M NH4OH in CH3CN -H2O (10 : 1). Luteosporin was purified further by reverse-phase chromatography on MCI gel CHP20P eluting with CH3CN -H2O (1: 19). 
Physico-chemical Properties of Plastatin and Luteosporin
The less active component of the fermentation, luteosporin (2, IC50 =25 cg/ml), is a water-soluble (at pH 7) and weakly acidic PLA2 inhibitor, mp >300°C. The physico-chemical properties of luteosporin are given in Table 1 . The molecular weight and empirical formula were determined by fast atom bombardment MS (FAB-MS)6) . Both positive and negative ion spectra led to the conclusion that the molecular weight was 546. The exact mass observed for C2SH,0012 (M +H)+ was 547.082 (theory 547.087).
The 1H and 13C NMR data are given in Tables 2 and 3 , respectively. The carbon connectivity in luteosporin was determined by a C-H long range selective proton decoupling (LSPD) experiment. In LSPD (in D20), the doublets at 5~ 186.3 (C-1) and 116.7 (C-10) collapsed to two singlets and the multiplet at 8C 117.6 (C-6) reduced to a simpler multiplet upon irradiation of the signal at 5H 7.60 (C-8 proton). Upon irradiation of the methylene protons (5H 3.00), multiplets at SC 117.6 (C-6) and 147.4 (C- 7) collapsed to a doublet (JCH 5.1 Hz) and a singlet, respectively. Irradiation of the methine (5H 4.70) gave a doublet (JCH 5.1 Hz) and a diffuse triplet from the multiplets at 8C 117.6 (C-6) and 147.4 (C-7), Table 1 . Plastatin gave a positive reaction towards sodium dithionite indicating the presence of a quinone system. The IR and UV spectral data (Table 1) The 1H NMR data for plastatin are given in Table 2 . The signals at o 5.40, 7.65, 13.60, 14.45 (exchangeable with D20), were assigned to the C-2' hydroxylic proton, the C-2 amino protons, the C-5 hydroxylic proton and the C-5' hydroxylic proton, respectively.
The 13C NMR data are given in Table 3 . The assignments were made by comparison with the data obtained for luteosporin. The 10 ppm difference in chemical shift of C-3 is attributed to the replacement of the C-2 hydroxyl by an amino group. The structure of plastatin was established by synthesis from xanthomegnin. Xanthomegnin gave plastatin as one of several products on its reaction with ammonium hydroxide followed by relactonization with 1 N HCI.
Biological Properties
Plastatin and luteosporin were competitive inhibitors of pancreatic PLA2 with Ki values of 0.89 uM and 12.8 ,uM, respectively. A typical DixoN plot10) for evaluation of plastatin inhibition is presented in Fig. 3 . Over a one-hour period, no time dependence was observed for inhibition. This activity is in contrast to PLA2 inhibition by manoalide (another small molecular weight inhibitor isolated from a marine sponge) which requires preincubation for maximal activity11.
As shown in Table 4 , inhibitory potencies of plastatin and luteosporin were compared using PLA2 Isolation of Plastatin and Luteosporin At harvest, the cells from a 20-liter fermentation of P. chermesinum were separated by filtration. The broth filtrate was adjusted to pH 2.0 with HCl and extracted with EtOAc (2 x 10 liters). The aqueous layer was discarded and the combined EtOAc extracts concentrated to 1.6 liters. The EtOAc concentrate was stored at 4°C for 24 hours. The aqueous layer visible after storage was removed and extracted with EtOAc (2 x 75 ml). The combined EtOAc extracts were concentrated to an aqueous slurry in vacuo, adjusted to pH 7 with NaOH, and concentrated to dryness in vacuo. The residue was then suspended in CH3CN -H2O (1: 19, 3 x 25 ml) and chromatographed on MCI gel CHP20P (75 ti 150 u, 5 x 36 cm). The column was eluted with CH3CN -H2O (1: 19, 1 liter) followed by a linear gradient of CH3CN -H2O (1: 19) to 0.01 M HCl in CH3CN -H2O (7: 3) (3 liters). The fractions were combined on the basis of TLC assay (Table 1 ) and bioactivity (PLA2 inhibition). Fractions that contained luteosporin were combined and concentrated in vacuo. The residue (1.29 g) was further purified on a column of MCI gel CHP20P (75-150 , i, 2.5 x 100 cm) eluting with CH3CN -H2O (1: 19, 320 ml). The active fractions were combined and concentrated in vacuo to give luteosporin as fine black crystals (500 mg).
The bioactive fractions containing plastatin from the MCI gel CHP20P column, were combined and concentrated in vacuo. The residue (385 mg) was dissolved in 0.01 M NH4OH in CH3CN -H•2O (2: 1, 3 ml), and chromatographed on cellulose powder (2.5 x 25 cm) eluting with 0.01 M NH4OH in CH3CN -H2O (10: 1). The fractions containing plastatin were combined and concentrated in vacuo to dryness. The residue was dissolved in H2O (20 ml) and precipitated with 0.02 M HCl (20 ml, pH ca 2.0). The suspension was extracted with EtOAc (3 x 50 ml), keeping most of the precipitate with the EtOAc layer. The combined EtOAc extracts were concentrated to dryness in vacuo to give 172 mg of plastatin as fine red crystals.
Conversion of Xanthomegnin to Plastatin Xanthomegnin (100 mg) was stirred with cone NH4OH (10 ml) at room temp for 15 hours and then the reaction mixture was concentrated in vacuo. The residue was suspended in H2O (10 ml), pH adjusted to 2 with 1 M HCl and extracted with BuOH (4 x 10 ml). The BuOH extracts were combined and concentrated in vacuo. The residue was suspended in 1 M HCl (10 ml) and stirred at room temp for 48 hours. The reaction mixture was adjusted to pH 7 with 1 M NaOH and then concentrated to dryness in vacuo. The crude material was purified on a MCI gel CHP20P (75-150 ,cc, 1.1 x 30 cm) column eluting with a linear gradient of CH3CN -H2O (1: 19) to 0.01 M HCl in CH3CN -H2O (7: 3) (300 ml), to give plastatin (3.7 mg) and several unidentified products. The plastatin thus produced was identical to the plastatin isolated from P. chermesinum.
